One of the greatest successes of the Ocean Drilling Program has been the exciting results recovered from the Southern Ocean (SO), which was the focus of ten DSDP/ODP drilling legs. The SO is a critical component in the development and persistence of Antarctic glaciation, is a sensitive mixing pool of global water masses, a locus of high biological sedimentation, and contains high resolution records of climate forcing and response. The focus of this Synthesis Workshop is on the biogeochemical history of the SO, including:
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Abstracts Cenozoic context to Southern Ocean development
Peter Barker, 25 Church Street, Great Gransden SG19 3AF, UK (pfbarker@tiscali.co.uk)
The two main oceanographic features of the modern Southern Ocean are the ACC and AABW (more accurately, southern-origin deep and bottom water SOBW), both associated in some way with Antarctic continental glaciation. Global palaeoclimate and palaeocirculation have been profoundly affected by them, and the earth's climate system cannot be understood unless they too are understood. All three started during the Cenozoic, and have been governed by changes on a tectonics-related as much as an orbitally-related timescale. Many aspects of their history and interactions remain very poorly known, but are accessible to ocean drilling.
What we know about Antarctic glaciation comes from a wide range of sources -direct information from DSDP28, ODP113, 119, 178 and 188 that sampled the continental margin, and from onshore geology and independent Ross Sea drilling. Less direct information (benthic oxygen isotopes and Mg/Ca ratios, clays, IRD) is also mainly from drilling, but from a wide range of locations, a minority of them within the Southern Ocean. Inferences about SOBW history draw on the same sources. Abrupt glacial onset close to the Eocene-Oligocene boundary is widely recognised, but the size of that early ice sheet, and many aspects of subsequent glacial history, remain uncertain. Future work may best be concentrated on additional margin drilling to resolve such uncertainties, despite difficulties of access and recovery. The glacial cause of SOBW production is widely accepted, but may not be entirely correct, and its time variation has not been examined.
The Cenozoic history of the Antarctic Circumpolar Current has been studied by work on samples from many drilling legs (DSDP 28, 29, 35, ODP 113, 114, 119, 120, 177, 181, 183, 189) and a very small number of onshore exposures, but with minor exceptions these drilling legs were not designed to examine ACC history: such work to date has been largely opportunistic, and a wide range of estimated times of ACC onset has been proposed. Tectonic studies in gateway regions have also led to a wide range of speculative times of onset (certainly 16-34 Ma, possibly wider), despite general agreement on ocean floor ages. More recently, the previously accepted causal relationship between the ACC and glaciation (that the ACC caused glaciation by thermal isolation of the continent) has been questioned, along with the interpretational basis of much of the published speculation. Essentially, little is known with any certainty of the history and climatic influence of the ACC, yet additional Southern Ocean drilling, specifically designed and carefully executed, is almost certainly the only way in which it may be determined. The strength of interaction between tectonics, ocean circulation and climate is a major concern of palaeoclimate research. Key indicators of this strength are the time of onset and development of the Antarctic Circumpolar Current (ACC), and thus its likely effects on climate, particularly Antarctic glaciation. Developments in numerical climate modelling, marine geology, tectonics and physical oceanography cast doubt on widely held assumptions of a causal relationship between ACC onset and the initiation of glaciation, through thermal isolation of the continent, at around the Eocene-Oligocene boundary. Here we argue that the time of ACC onset and development remain to be determined, and may best be determined in the Scotia Sea region ("Drake Passage"), south of South America. There lies the greatest tectonic uncertainty, concerning when a complete deep-water circumpolar pathway was created, so that the ACC as we know it today could first develop. There also, the ACC is topographically constrained, and the region is relatively well known. Determination of the time of onset would show the extent to which ocean circulation changes affected Antarctic glaciation, and could draw attention to other key questions, such as the nature of Southern Ocean circulation in the period (possibly Oligocene and even early Miocene) when Antarctica was glaciated but before a complete circumpolar deepwater pathway existed. We assess the parameters that might be capable of determining ACC onset, and show that sedimentary sections suitable for drilling are available in the Scotia Sea region.
of warmth and unstable ice-sheets, or doing cold periods allowing the ice-bergs to survive more often to the open ocean? A collaborative effort is being undertaken by the University of Florida, the Lamont-Doherty Earth Observatory, Utica College and the Lawrence Livermore National Laboratory effort to answer those questions. By approaching the questions with multiple proxies, we hope to establish the timing of and conditions for episodes of ice-rafting in the Atlantic sector of the Southern Ocean during the last 130 ka. Methods include mineralogical and geochemical analysis of IRD and volcanoclastics, as well as micropaleontological investigation to establish the climatic conditions during ice-rafting events. The project is just starting up. Sediment cores used include Thomas Thompson and Robert Conrad cores. The groundwork is being laid using high-resolution magnetic susceptibility measurements on Islas Orcadas cores from the Antarctic Research Facility. The preliminary results of that work will be presented here. We have conducted an integrated study of ice-rafted debris (IRD) and stable isotopes on a spliced record (TN057-6-PC4/ODP Site 177-1090, about 43° S, 9°E) raised on the Agulhas Ridge, in the South Atlantic. The site is just north of the northern boundary of the present-day Polar-Front Zone (PFZ), and is in a very sensitive location to record both ice rafting and stableisotopic-ratio changes. Our combined record reveals a pattern of ice-rafting episodes that may be characteristic for the subantarctic South Atlantic, at least for locations N of the PFZ. Ice rafting occurs during the waxing stages of each glaciation, and ends at, or before, the peak of each glaciation. IRD peaks are also associated with strong stadials during "cold" interglacials, e.g. MIS 7. A little IRD shows up during the entire interval studied here, from the Holocene to mid-MIS 14. We suggest that the IRD record at this site is essentially a temperature record on glacialinterglacial timescales. If the temperature is low enough, enough icebergs survive to melt at this location. If the temperature is too warm, only an occasional iceberg survives to deliver debris. A peculiar aspect of the combined record is the fact that during Ice-rafting events (IREs), the planktic oxygen-isotopic ratios are higher at the end of an IRE compared to the beginning. Further, by comparing our records with the Summer Sea Surface Temperature record of Becquey and Gersonde (2002) for a nearby (respectedly the same) site (PS2489-2/ODP177-1090), we see that the temperature is generally very similar at the beginning and the end of an IRE. The same age model provided by Venz and Hodell (2002) was used for both sites, allowing such direct comparisons of the data. Assuming as a working hypothesis that the IRD record is a pure temperature record, and ignoring the salinity effect for the present, then this difference in oxygen-isotopic ratios must be the ice volume effect. For MIS 12, the difference in planktic oxygen-isotopic ratios at the beginning and the end of the IRE is about 1.3 permil, which translates to 130 m sea level equivalent. The present-day temperature at the site is about 10° C (Levitus and Boyer, 1998). To attain a temperature of about 4° C (presently located at about 47° S in this area), as indicated by the SSST record of Becquey and Gersonde (2002) Diatoms and silicoflagellates provide important proxy information to guide interpretations regarding the timing, frequency and magnitude of paleoclimatic, paleoceanographic and cryospheric changes in the southern high latitudes. Comparison of several Neogene paleoenvironmental events is now possible through refined, high-precision correlation that results from the compilation and synthesis of biostratigraphic and chronostratigraphic data using the CONOP [constrained optimization] program. Studies of outcrops and drillcores on the Antarctic margin, combined with Southern Ocean drillcore data, reveal the potential for tracing coeval paleoenvironmental changes from interior Antarctic basins, across the continental shelf and into Southern Ocean depths, across prominent oceanic frontal zones. Distinct, warm surface-water events, associated with ice sheet margin retreat, substantial reduction of sea-ice, and reduced temperature gradients across the Polar Frontal Zone are identified during the Late Miocene 10.7-9.0Ma (e.g. Pagodroma Group, Jason Diamicton), the Pliocene 4.5-4.1Ma, 3.65Ma, (e.g. ODP sites 745, 748, 751, 1165; Sorsdal Formation), and early Pleistocene 1.07Ma (e.g. MIS-31 at the Cape Roberts Project CRP-1 drillcore).
Apparently disparate interpretations that result from different proxy records provide opportunities to test and constrain assumptions that guide interpretations. New information to be recovered through the ANDRILL (ANtarctic DRILLing) Program in the southwestern Ross Sea, which will initially target Pliocene and Pleistocene strata, will provide important, and overdue, southern high latitude data from a variety of proxy indicators [see http://andrillserver.unl.edu]. This report compiles stratigraphical and paleontological information in order to (1) construct a composite history of climatic change in the southern high latitudes, (2) establish questions that will be tested through recovery of expanded Plio.-Pleistocene sections, (3) increase our understanding of modern and past processes; (4) place Antarctic records in a chronostratigraphic context that can be compared with high-resolution records from the mid and low latitudes; and (5) build a Late Neogene dataset for input into climate and ice sheet modeling studies of the SCAR "Antarctic Climate Evolution" (ACE) initiative.
The opening of Drake Passage inferred from Nd isotopes
Ellen E. Martin (emartin@geology.ufl.edu) Howie D. Scher (hscher@ufl.edu) Department of Geological Sciences, University of Florida, Gainesville, FL 32611-2120
Estimates for the timing of the opening of Drake Passage range from the late Eocene to early Miocene. Nd isotopes from fossil fish teeth at ODP Sites 1090 (Cape Basin) and 689 (Maud Rise) over this time interval record changes in water mass composition. Beginning at 39 Ma ε Nd(T) values in the Atlantic sector of the Southern Ocean (Site 1090) increase from -8 to -5.9 ε Nd in less than 1my. This final value is more radiogenic than values documented for any part of the ocean other than the Pacific or Caribbean over the past 60 m.y. The presence of Pacific-type Nd isotopes at Site 1090 in the late middle Eocene suggests at least shallow flow through Drake Passage, which may have been transferred to the deep ocean through ventilation processes. Shallow flow at this time is also supported by productivity records. Another rapid increase in ε Nd(T) occurs at ~28.5 Ma, resulting in values of -6. The timing of this increase coincides with estimates for a deep opening (Lawver and Gahagan, 2003) and an increase in biogenic silica deposition. Thus, the late Oligocene increase may represent opening of Drake Passage to deepwater flow and establishment of a surface-to-deep Antarctic Circumpolar Current. Trends observed at intermediate depths (Site 689) are distinct, but also support the presence of Pacific waters by 37 Ma. This interpretation of the Nd data suggests that at least surface flow was established at Drake Passage prior to the development of large ice sheets on Antarctica. The modern Polar Front Zone (PFZ) in the Southern Ocean is marked by a transition from low (to the south) to high CaCO 3 content in surface sediments. During the Last Glacial Maximum (LGM) this boundary shifted north by up to 6º latitude in the Atlantic sector of the Southern Ocean and less so in the Indian and Pacific Oceans. We suggest that this represents a displacement of surface water isotherms and argue that %CaCO 3 in sediments may be used as an index of paleotemperature in the Southern Ocean. We demonstrate the utility of this approach by focussing on peaks in CaCO 3 observed south of the modern PFZ throughout the Cenozoic. Examples include an event just below the Jaramillo magnetic subchron thought to be synchronous with Marine Isotope Stage 31, possibly the warmest period of the Pleistocene (Froelich et al., 1991) . Four distinct CaCO 3 peaks occur between the Thvera and Sidujfall magnetic subchron (4.40-4.47 myBP) of the Gilbert chron (early Pliocene). Within the mid to late-Pleistocene, high CaCO 3 accumulation in the Southern Ocean during MIS 11 is contemporaneous with increased CaCO 3 accumulation at low and northern high latitudes and a simultaneous decrease in global CaCO 3 preservation (i.e. the Mid-Brunhes Dissolution Interval, MBDI). This interval is also marked by the global proliferation of Gephyrocapsa sp (coccolithophorid), a possible candidate for explaining such an increase in pelagic CaCO 3 production. Two gravity cores were collected from the southern Scotia Sea during the 13 th KARP (Korea Antarctic Research Program) expedition to determine the late Quaternary climatic and oceanographic history of the area. Sedimentologic and geochemical analyses combined with AMS C-14 determination represent the most detailed record of late Pleistocene climatic/oceanographic change, to date in Antarctica. During the Last Glacial Maximum, the southern Scotia Ocean received large amounts of sorted terrigenous sediments emplaced by bottom currents from an extensively glaciated Weddell Sea continental margin. Drifting icebergs calved from the glacial fronts have dispersed glacial sediments over a broad area of the study area. The bottom current deposits in glacial phase comprise two sedimentary facies: (1) bioturbated gravelly mud (Facies II), formed by sluggish bottom current caused by reduced dense water production originated from the ice sheet on the Weddell shelf, (2) indistinctly layered diatomaceous mud (Facies I), deposited by sporadic bottom currents caused by intensified sea-ice formation in polynya during the glacial stage. Deglaciation in the southern Scotia Sea was dated from about 12,500 yr BP until ay least 8,700 yr BP, with increasing TOC, diatom abundance, and decreasing MS value, sand content up core. At this time, subglacial meltwater streams began to emanate from the Weddell Ice Sheet with peak of ice-rafting. Sediment-laden turbid plumes from melting glacier and deglaciated Weddell shelf have probably caused high influx of fine suspended sediments into the realm of contour currents, Weddell Gyre circulation, ultimately forming laminated gravelly mud (Facies III) in the southern Scotia region. These currents probably resulted from water exchange between the Weddell Ice Shelf and Circumpolar Warm Deep Water during the retreating phase of the last glaciation. The deglaciation was probably followed by a period of open marine conditions with variable extent of sea ice (variable TOC content) between 8,700 and 2,400 C-14 yr BP. During this period, bottom water production occasionally appears to have diminished or ceased due to the disintegration of some of the Weddell ice shelf, and biogenic input became increased forming diatomaceous mud and ooze (Facies IV). Around 2,400 yr BP, a decrease in TOC and diatom abundance reflects the formation of more extensive and seasonally persistent multiyear sea ice. The Weddell Ice Shelf, now rapidly retreating, advanced at this time, and as a result, bottom water formed might play a role in transporting terrigenous sediments into the study area, forming diatomaceous sandy mud (Facies V). These results indicate environmental variability throughout the late Quaternary that was consistent across most portions of the maritime Antarctic Peninsula. In addition, the timing of climatic transitions correlates with Northern Hemisphere, indicating the possibility of coherent climatic variability in the late Quaternary, at least for the high latitudes. Terrigenous fluxes are important in terms of delivering trace nutrients, particularly iron to the deep sea. Southern Ocean (SO) terrigenous fluxes were higher during glacial intervals compared with interglacial intervals, possibly fueling higher rates of primary productivity. Despite the importance of trace metal delivery, terrigenous provenance and Fe fluxes have not been adequately quantified Samples from the southeastern Atlantic Ocean (ODP 177) were used to evaluate changes in terrigenous fluxes and provenance to the SO across a range of latitudes (41-53S). Site 1092 (47 S, 1974 m water depth experienced low sedimentation rates and no sediment focusing, making this site ideal for characterizing potential dust inputs. However, the timing and magnitude of change in Fe accumulation rates (FeAR) do not agree with ice core dust records. Maximum FeAR at Site 1092 are >200 umol Fe/cm2/kyr, which is significantly higher than dust flux estimates from ice cores (20-40 umol Fe/cm2/kyr), but low compared to drift sites (1089 and 1094) which have FeAR >20 mmol Fe/cm2/kyr.
Neodymium isotopic evidence for Tethys derived Warm Saline Deep Water

FE FLUXES AND TERRIGENOUS PROVENANCE IN THE SOUTHERN OCEAN
To examine potential sediment provenance changes, we used Al/Ti and Fe/Ti ratios from bulk sediment geochemistry as proxies for down core changes in detrital material source. Additionally, we used Sr and Nd isotopes from the northern (1089) and southern (1094) most sites to evaluate terrigenous provenance at the LGM and during the Holocene. The down core elemental ratios suggest significant variability in provenance on glacial/interglacial time scales. The isotope data further supports variable provenance to the south Atlantic, both temporally and with latitude. We suggest the variability in flux and provenance are related to changes in hydrography and hemipelagic sedimentation.
The George V Land Continental Margin (East Antarctica): new Insights Into Bottom Water Production and Quaternary Glacial Processes from the WEGA project Andrea Caburlotto
The George V th Land represents the ending of one of the largest subglacial basin (Wilkes Basin) of the East Antarctic Ice Sheet (EAIS). Furthermore, its coastal areas are zone of significant production of High Salinity Shelf Water (HSSW). Piston and gravity cores and high resolution echo-sounding (3.5 kHz) and Chirp profiles collected in the frame of the joint Australian and Italian WEGA (WilkEs Basin GlAcial History) project provide new insights into the Quaternary history of the EAIS and the HSSW across this margin: from the sediment record filling and draping valleys and banks along the continental shelf, to the continuous sedimentary section of the mound-channel system on the continental rise.
The discovery of a current-lain sediment drift (Mertz Drift, MD) provides clues to understanding the age of the last glacial erosive events, as well as to infer flow-pathways of bottom-water masses changes. The MD shows disrupted, fluted reflectors due to glacial advance during the LGM (Last Glacial Maximum) in shallow water, while undisturbed sediment drift deposited at greater water depth, indicates that during the LGM the ice shelf was floating over the deep sector of the basin. The main sedimentary environment characterising the modern conditions of the continental rise is dominated by the turbiditic processes with a minor contribution of contour currents action. Nevertheless, some areas (WEGA Channel) are currently characterised by transport and settling of sediment through HSSW, originating in the shelf area. This particular environment likely persisted since pre-LGM times. It could indicate a continuous supply of sedimentary material from HSSW during the most recent both glacial and interglacial cycles. This would be consistent with the results obtained in the continental shelf suggesting that the Ice Sheet was not grounding over some parts of the continental shelf. Furthermore, the comparison of the studied area with other Antarctic margins indicate that, contrary to what happens on the Antarctic Peninsula margin, the relation between the Quaternary sedimentation and the glacial -interglacial cycles are less evident in the lithofacies observed on the continental rise area. This characteristic suggests a different glacial dynamic along the Wilkes Land continental margin that is less sensitive to the small climatic changes, with respect to the western (Antarctic Peninsula) margin. A critical component missing from our knowledge of Antarctic cryosphere evolution is a comprehensive understanding of the role of orbital forcing in ice sheet development during the Eocene/Oligocene climate transition. Existing marine records lack the resolution and preservation to reconstruct variability in the high-frequency precessional band, thought to be potentially significant in early Oligocene ice sheet development and stability. A new E/O boundary section from Ocean Drilling Program Site 1263, on the northwest flank of Walvis Ridge in the eastern South Atlantic Ocean, yields a benthic foraminiferal isotopic record with an average time step of 3.5 kyrs, sufficient to resolve the 19-and 23-ky precessional Milankovitch bands. The E/O boundary at this site is associated with a gradual increase in sediment color lightness (L*), attributed to an increase in carbonate content and accumulation rate and a general improvement in microfossil preservation. The 1263 L* increase is accompanied by an enrichment of ~1.4‰ in δ 18 O and ~0.8‰ in δ 13 C of bulk carbonate across the 5-meter interval that represents the period between 33.7 and 33.4 Ma. Multiple single-species isotope analyses of Oridorsalis umbonatus, Nuttallides trumpeyi, and Cibicidoides spp. produce consistent isotope values across a series of horizons, however deviation from these patterns observed in some larger specimens may be indicative of reworking. Using smaller specimens, we will present a highresolution oxygen isotope record across the E/O transition interval in order to evaluate the significance of precessional forcing in early Oligocene glaciation.
Petrographic and isotopic composition of Ross Embayment till
of an extreme warm event during the late-early Pleistocene. Precise dating by multiple methods constrained deposition of this carbonate-rich sedimentary unit to a single interglacial period, Marine Isotope Stage 31 (MIS-31), which coincides with the base of the Jaramillo paleomagnetic Chron (C1r.1n, 1.072 Ma). Planktonic microfossils in the deposit indicate significantly warmer than present spring and summer surface waters, and a prolonged and dramatic reduction in coastal sea-ice cover. The coincidence of MIS-31 with a palaeomagnetic reversal allows confident global correlation of the event, allowing interhemispheric temporal comparison of sea surface temperature (SST) changes and, possibly, thermohaline circulation. We have now generated new oxygen and carbon isotopic data spanning MIS-31 from planktonic and benthic forams from ODP Leg 177, Site 1094, the southernmost site of that leg, for comparison with CRP-1 and global deep-sea records. High-resolution deep-sea oxygen isotope and other proxy records, including CRP, indicate a complex structure for MIS-31. The warmest part of the interglacial began abruptly, immediately following the Chron C1r.1n reversal in both northern and southern hemisphere records, coincident with the highest northern hemisphere insolation of the last 3 million years. This unusual interglacial may represent a significant step in the transition to late Pleistocene glacial-interglacial cycles. While the debate concerning the age and environment of deposition of the Sirius Formation in the Transantarctic Mountains continues, there is convincing evidence in the Prydz Bay-Prince Charles Mountains region for major retreat and advance of the East Antarctic Ice Sheet (EAIS) margin several times during the Late Neogene. In situ marine diatom-bearing sediments, sporadically with in situ molluscs, show that very large-scale fjordal environments, both iceproximal and ice-distal, existed up to 300 km south of the present Amery Ice Shelf edge. In addition, several horizons have specific indicators of water temperatures considerably above that in the nearby ocean today. During intervals of retreat, there is no evidence that vegetation took advantage of the opportunity to re-colonise the area.
A highly dynamic Late Neogene East
The implications from these results are that we should not assume that the Ross Sea region is the type area for recording the history of the EAIS and that major data sources lie elsewhere, ready to contribute to resolving the dynamism/stability debate.
It is now critical that alternative scenarios based on the Prydz Bay-Prince Charles Mountains region be tested by geological and geophysical studies onshore in other areas of the margin, and by drilling and coring offshore from Wilkes Land especially off major outlet glaciers such as Vanderford, Denman, Scott, Mertz and Ninnis Glaciers, where they may show independent evidence of retreat/advance history of the margin of the Wilkes/Pensacola and Aurora Subglacial Basins.
Fulfilling the Promise of the DSDP/ODP Legacy with Multiparameter Logging of Archive Cores
Peter J. Approximately 300 km of core was recovered by DSDP and ODP at an estimated average cost of $2,000,000/km. Half of every core recovered is kept as an archive half, normally only available for viewing (subsampling requires special permissions). Sound archiving policies and storage techniques over the years have ensured that these half cores have remained well preserved for analyses that were not made, or were not technically possible, at the time of recovery. The archive half-cores are well suited for automated non-destructive geophysical measurements ("core logging"), including many of those that provide essential data for reconstructing Earth's climatic history, such as high-resolution magnetic susceptibility, natural gamma spectroscopy, and UV/VIS/IR spectrophotometry. Most of the cores have either not been logged for all the relevant parameters or have not been logged at the spatial intervals necessary for high resolution climatic studies. Consequently, a very large, untapped reservoir of paleoclimatic and other data awaits extraction from these wellpreserved archive half-cores.
Recently we used a new Geotek MSCL-XYZ core logger at the IODP West Coast Repository to log archive core halves recovered by D/V Glomar Challenger in 1983. We wished to obtain a high-resolution paleoclimate record for DSDP Site 594, east of New Zealand, Southwest Pacific, to complement the record obtained more recently from nearby ODP Site 1119, cored in 1998. The new MSCL-XYZ system is specifically designed to allow multiparameter, non-destructive geophysical data to be collected easily at high spatial resolutions from archive core halves. Because the data acquisition from archive cores can be slow, either because of the measurement itself or the frequency at which the data is required, the system holds multiple 1.5 m-long core sections (currently up to 9) and can be left to run unattended for hours or days at a time.
We obtained complete data sets of natural gamma, magnetic susceptibility, spectral color and RGB digital line scan images for the top 150m of the sediment column at Site 594 . No useful core log data was previously available for this site. The data set of primary interest was natural gamma, which will be compared with the downhole natural gamma record from Site 1119. To our knowledge this is the first time that a highresolution natural gamma data log has been recovered from an archive core half. Detailed magnetic susceptibility records were also obtained despite low signal levels, using 10 sec sampling time throughout. The excellent quality of the spectral color and RGB image data, despite the partially ephemeral nature of these properties, is a testament to the core storage techniques employed over 21 years. As core working halves become depleted, pressure is mounting to allow subsampling from the archive core-halves. The community now has the tools necessary to take advantage of what could be a final opportunity to collect continuous geophysical data on ocean cores drilled over the past three decades.
Does the nutrient distribution discrepancy between the Northern Indian Ocean basins during the LGM mean intrusion of Southern Ocean water?
Harunur Rashid1 Leg 182, in the Great Australian Bight, Leg 189 around Tasmania, and Leg 194 off the Great Barrier Reef on the Marion plateau, all involved major carbonate sections that tested the magnetic instrumentation on the JOIDES Resolution. The principal highlights of the magnetostratigraphy of these legs were (1) the discovery during Leg 182 of an extended Brunhes section of carbonates in the Great Australian Bight that was hundreds of meters thick and use of high resolution magnetostratigraphy within this section to resolve dating to better than a few thousand years, (2) documentation in Hole 1172 of Leg 189 of the timing of the transition from "Greenhouse" to "Icehouse" with the rapid deepening of the Tasmanian Gateway. (3) 
Laura de Santis
The George V th Land represents the ending of one of the largest subglacial basin (Wilkes Basin) of the East Antarctic Ice Sheet (EAIS). Furthermore, its coastal areas are zone of significant production of High Salinity Shelf Water (HSSW).
Piston and gravity cores and high resolution echo-sounding (3.5 kHz) and Chirp profiles collected in the frame of the joint Australian and Italian WEGA (WilkEs Basin GlAcial History) project provide new insights into the Quaternary history of the EAIS and the HSSW across this margin: from the sediment record filling and draping valleys and banks along the continental shelf, to the continuous sedimentary section of the mound-channel system on the continental rise. The discovery of a current-lain sediment drift (Mertz Drift, MD) provides clues to understanding the age of the last glacial erosive events, as well as to infer flow-pathways of bottom-water masses changes. The MD shows disrupted, fluted reflectors due to glacial advance during the LGM (Last Glacial Maximum) in shallow water, while undisturbed sediment drift deposited at greater water depth, indicates that during the LGM the ice shelf was floating over the deep sector of the basin.
The main sedimentary environment characterising the modern conditions of the continental rise is dominated by the turbiditic processes with a minor contribution of contour currents action. Nevertheless, some areas (WEGA Channel) are currently characterised by transport and settling of sediment through HSSW, originating in the shelf area. This particular environment likely persisted since pre-LGM times. It could indicate a continuous supply of sedimentary material from HSSW during the most recent both glacial and interglacial cycles. This would be consistent with the results obtained in the continental shelf suggesting that the Ice Sheet was not grounding over some parts of the continental shelf.
Furthermore, the comparison of the studied area with other Antarctic margins indicate that, contrary to what happens on the Antarctic Peninsula margin, the relation between the Quaternary sedimentation and the glacial -interglacial cycles are less evident in the lithofacies observed on the continental rise area. This characteristic suggests a different glacial dynamic along the Wilkes Land continental margin that is less sensitive to the small climatic changes, with respect to the western (Antarctic Peninsula) margin. C gradient (∆ 13 C). The ∆ 13 C increased in steps at ~2.7 and 1.5 Ma documenting the development of a chemical divide in the Atlantic sector of the Southern Ocean between well-ventilated water above ~2500 m and poorly ventilated water below. We suggest these changes in interbasinal and vertical gradients were the result of both decreasing Northern Component Water, and increasing sea ice cover and stratification of Antarctic surface waters during the late Neogene. Because Antarctic surface water processes and deep-water ventilation rates ultimately influence the CO 2 composition of the atmosphere, these processes would have acted as a positive feedback to late Neogene climate cooling.
